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Abstract 
The co-production of electricity and hydrogen from fossil fuels with the simultaneous capture of CO2 is an attractive proposal for 
the future European power generation system. A plant based on this technology and with the ability to vary the electricity-to-
hydrogen output could operate in base-load mode irrespective of the electricity demand, with significant economic advantages. 
This paper focuses on this type of plant fuelled by coal and lignite and identifies the most suitable gasification technologies that 
could be adopted for each fuel type, proposes optimal plant configurations and assesses plant performance. © 2008 Elsevier B.V. 
All rights reserved.  
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1. Introduction 
The issues of combating climate change, maintaining the security of energy supply and improving economic 
competitiveness shape the future energy scene. The meeting of these challenges requires the development and large 
scale deployment of innovative new energy technologies. In this context, the European Union (EU) has recently 
proposed a European Strategic Energy Technology Plan (SET-Plan) [1] that aims at revitalising energy technology 
innovation in Europe by improving the way research is performed and by supporting critical technologies, such as 
carbon capture and storage (CCS). The important role of technology in meeting the European energy challenges of 
2020 and beyond was already identified by the EU before the SET-Plan. For example, in 2003 the EU developed the 
European Initiative for Growth [2] that envisaged a number of large scale projects to promote technology 
innovation; one of them being the HYPOGEN project. The HYPOGEN project refers to a large scale fossil fuel 
power plant that can produce electricity and some hydrogen (to fuel the forthcoming hydrogen economy) whilst 
capturing and storing the carbon dioxide (CO2) generated in the process.  
 
In support of this project, the European Commission co-funded via its 6th Framework Programme for Research 
and Development, an integrated project called DYNAMIS, with the aim to identify the energy conversion processes 
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that would underpin the HYPOGEN project.  The plant concept that the DYNAMIS project was based upon has the 
following characteristics [3]:  
• Adopted technology should be commercially available by 2010 to allow plant construction by 2015 
• Electricity generation in the 400 MW range using advanced combined cycle(s) with hydrogen fuelled turbines.  
• Hydrogen production of 50 MW with the flexibility to adjust the output of the plant from 0 to 100% hydrogen.  
• Produced hydrogen will be in accordance with the specifications of the European hydrogen infrastructure  
• 90% CO2 capture rate 
 
This paper summarises the work that has been done within the DYNAMIS project on the assessment of 
HYPOGEN plant concepts based on the gasification (IGCC) of coal and lignite. It evolves around the following key 
issues: 
• Gasifier selection for optimal co-production of electricity and hydrogen 
• Plant flexibility and operability, vis-à-vis the ability of the plant to vary the ratio of hydrogen-to-electricity, 
whilst maintaining acceptable efficiency 
• Ranking of technology options based on the conceptual design for promising HYPOGEN plant configurations. 
• Identification of technological improvements needed for the deployment of HYPOGEN plant technology. 
 
2. Gasifier selection 
Although all types of high-pressure gasifier can be used as the core of an electricity-producing IGCC plant, the 
situation is different where hydrogen has also to be produced. Hydrogen co-production requires gasification systems 
with high hydrogen production efficiency, i.e. the ability to produce a raw gas that consists of hydrogen and carbon 
monoxide (that can be converted to hydrogen via shift reaction), with minimal amounts of gaseous hydrocarbons, 
tars, naphthas, ammonia, etc. Furthermore, nitrogen and argon need to be minimised in the product gas, to avoid cost 
and efficiency penalties when producing hydrogen of an acceptably high purity. Furthermore, methane production 
needs to be minimal so the target of 90% capture rate can be achieved (to avoid its co-combustion with hydrogen in 
the power island, since the flue gases are not treated for the removal of CO2). Another criterion, most applicable to 
coal gasification, is that the gasification process should be performed at high enough temperatures to produce a 
liquid slag to protect the gasifier. 
 
In this context, the option of oxygen-blown gasifier is the most appropriate for HYPOGEN. Especially, for 
bituminous coal, entrained flow type appears to be the optimal gasification option. The characteristics of the coal 
have an important influence on the choice of the appropriate gasifier. For instance, the mineral matter in the coal is 
an important consideration in this respect given that the fluid temperature of the coal (and therefore the minimum 
operating temperature of the gasifier) depends on ash composition.  
 
There are greater restrictions in gasifier choice with the use of lignite. This is caused by the high trapped water 
content of the fuel. In this respect, it is essential to pre-dry the lignite before it can be introduced into the gasifier. 
Lignite is also believed to present problems in water-based slurries as it floats. Furthermore, the relatively low 
calorific value combined with the high ash content of lignite could increase the proportion of carbon in the lignite 
that is needed to reach the reaction temperature. In addition the high ash content of many lignites also implies a low 
production of hydrogen, as heat is required to melt the ash. Because of the low heating value of lignite coals, CO2 
levels may well be higher than those when using bituminous coal for a given amount of hydrogen produced, 
although this will depend on the gasifier and on the quality of the lignite. Of all types, the moving bed gasifier 
appears to have significant advantages in terms of its ability to gasify feedstocks with high inherent water content. 
As lignite descends down the bed, the heat that is produced evaporates the trapped water. Providing the water 
content of the lignite is not too great, the only effect on the gasifier will be to reduce the outlet temperature, hence 
there will be a reduced requirement for spray water at the gasifier exit.  
 
In the context of the DYNAMIS project, the characteristics of a large number of gasifier types have been 
analysed and gauged against the above criteria [4]. It was concluded that there is no gasifier suitable in all respects, 
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either for coal or lignite, including also the issue of the development status. Three coal and three lignite gasifiers 
were selected for further consideration in the DYNAMIS project.  
2.1.  Coal 
Shell Prenflo:  
Pros: Off-the-shelf technology; high hydrogen production potential (hydrogen and CO contained in the syngas); 
high electrical efficiency; low methane content in syngas; high carbon capture and carbon-free slag.  
Cons: Higher capital costs than competitive technologies; medium pressure only; nitrogen in syngas may lead to 
hydrogen losses; requires filters.  
 
GE Full Quench  
Pros: Off-the-shelf technology; probably lowest capital costs; high pressure operation; quench water supplies 
steam for shift conversion; low methane content in syngas; high carbon capture and carbon-free slag.  
Cons: Lower hydrogen production potential and electrical efficiency than dry feed gasifiers.  
 
Siemens 
Pros: High hydrogen production potential; high electrical efficiency; quench water supplies steam for shift 
conversion; low methane content in syngas; high carbon capture and carbon-free slag; possibility of high pressure 
operation.  
Cons: Not as well developed; nitrogen in syngas may lead to hydrogen losses.  
2.2. Lignite 
Siemens 
Pros: Developed originally for lignite; high hydrogen production potential; high electrical efficiency; quench 
water supplies steam for shift reactor; low methane content in raw gas; high carbon capture and carbon-free slag; 
possibility of high pressure operation.  
Cons: Not well developed; lignite will require pre-drying; nitrogen in syngas may lead to hydrogen losses.  
 
High Temperature Winker (HTW) 
 Pros: Specifically developed for lignite and other reactive and ballast-rich coal types; offered 
commercially; low oxygen demand due to low gasification temperature and no melting of ash; high cold gas 
efficiency; mechanical feeding system – only minor dilution of syngas.  
 Cons: Lower carbon conversion (~95%); methane content in syngas; not possible to reach 90% CO2-
capture rate (~85%)  
 
British Gas Lurgi (BGL)  
Pros: Lignite does not need pre-drying; low levels of CO2 in raw gas; very high cold gas efficiency and carbon-
free slag.  
Cons: Tars and other pyrolysis products need clean up and recycling; fairly high levels of methane; larger scale 
gasifier may need development; nitrogen in syngas may lead to hydrogen losses; questions over high pressure 
operation; lignite needs briquetting. 
 
3. Plant Flexibility 
3.1. The need for flexibility 
Every power plant is designed with the ability to vary its power output to follow the demand pattern. In the 
future, this need will be intensified due to the higher penetration of variable solar and wind energy technologies 
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which will put an additional burden to the flexibility requirements of fossil fuel electricity supply. While the 
HYPOGEN plant will be required to operate in such a challenging environment, the flexible operation of IGCC-
based plants is not straightforward [5]. Efficiency drops at reduced outputs, because of the high energy demand from 
ancillary plant, which includes oxygen production, acid gas removal and CO2 compression; and  it may be difficult 
to operate the gasifier at two shifts, because of the explosive gases which are left in the gasification stream after 
shutdown that need to be vented before start-up. The co-production of hydrogen alleviates such problems to the 
extent allowed by the maximum amount of hydrogen the plant is designed to operate (50 MW in the DYNAMIS 
case) as it allows the plant to operate continuously producing more hydrogen that could be temporarily stored, at 
times of low electricity demand. Such a plant could be based on two configurations: a fixed electricity-to-hydrogen 
output ratio plant (fixed plant), or with the ability to alter the ratio of hydrogen to electricity (flexible plant), whilst 
maintaining coal throughput.  
 
The flexible plant offers significant advantages compared to the fixed plant. The viability of the fixed plant 
strongly depends on the size of the hydrogen market during the plant lifetime. Furthermore, the demand for 
hydrogen and electricity will not remain fixed throughout the year, for example when hydrogen is sold for space 
heating. If the HYPOGEN plant was to run as a base load supplier of electricity and was of the fixed type this would 
almost certainly reduce its profitability since any reductions in hydrogen output would also be accompanied by 
proportional reductions to the electrical output, with detrimental effects to process efficiency. Even if there was no 
drop in efficiency, the effect of high capital costs on the cost of electricity cannot be ignored when running at 
reduced loads, capital costs of this type of plant being very high compared to the likely competition. With a flexible 
plant when electricity output falls, in principle the energy output can be switched over to hydrogen. In these 
circumstances, the flexible plant begins to undercut other load following generating plants, since it maintains good 
efficiency, as the gasification stream is always running close to or at the design throughput. In such a case because it 
is load-following its electricity will command a significantly higher price than that for base load power. Just as 
important, when the electrical output is low, the plant gets an income from the sales of hydrogen. This hydrogen 
price can be set to be very competitive, since electricity could be “carrying” much of the plant capital cost.  
3.2.  Technical issues  
A novel finding of detailed process flow modelling analyses of fixed and flexible plants is the very small amount 
of hydrogen which has to be taken off the fuel gas stream to produce 50 MW of highly pure gas. Hence, the flexible 
plant can be of the same type of process plant layout with the fixed plant. The power island of a fixed plant could be 
easily to give 0 to 50 MW flexibility. 
 
A detailed process flow modelling analysis revealed that when the HYPOGEN plant is producing only electricity 
the hydrogen input to the gas turbines is about 1000 MW. Clearly a reduction to 950 MW to produce the maximum 
required 50 MW of hydrogen will have an insignificant effect on the operation of the gas turbines. Compressor 
airflow will need to be reduced by less than 10% which on most gas turbines can be achieved by partial closure of 
the inlet guide vanes.  
 
When the plant is producing 50 MW of hydrogen, purification will be needed by the PSA. Accordingly a tail gas 
stream will be produced, containing about 50% hydrogen with an energy value of about 5-10 MW. This stream will 
be at about 1-1.5 bar pressure. There are two alternative uses of this stream. If the heat recovery steam generator 
(HRSG) has a duct burner the tail gas can be sent to this. The advantage is that this procedure avoids the need for 
compression. The energy input in terms of the enthalpy of the flue gas is quite small and will not change the flue gas 
temperature very much, so it is a simple matter to recover energy from the combustion of the tail gas by raising a 
little more steam. The alternative is to use the tail gas in the gas turbine. The obvious disadvantage is that the tail gas 
needs to be compressed to around 25 bar, which would require a complex compressor. In efficiency terms there is 
little to choose between the two options, but it would seem that burning the tail gas in the HRSG is the lowest cost 
option. A better alternative is to link this stream to the nitrogen fed in the gas turbine. The nitrogen stream comes 
from the ASU and is normally at just a few bars of pressure. The nitrogen pressure is then raised to about 25 bar 
using a medium output centrifugal compressor. By compressing the tail gas to about 5-6 bar, this can be mixed with 
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the nitrogen diluent before the mixture is subsequently compressed for diluting the fuel gas hydrogen. There should 
be no adverse effects on the nitrogen compressor or on the subsequent combustion of the mixture in the gas turbine 
as the nitrogen flow is 36 times larger than the tail gas flow. The change in gas density by adding tail gas which 
could decrease the pressure rise through the compressor will be insignificant. Similarly, since the tail gas consists of 
about 50% hydrogen, there will be no noticeable changes in combustion characteristics.  
 
One other factor that needs to be considered is the inability of the PSA to operate below 30% of design output, 
implying that if the hydrogen requirement is below 15 MW the PSA will not be able to operate properly. A possible 
solution could be to allow the PSA to operate always within its standard range of 15 to 50 MW of hydrogen. When 
the hydrogen demand falls below 15 MW, an appropriate quantity of hydrogen is mixed in with the fuel gas. Hence 
when there is no hydrogen demand, all 15 MW of highly hydrogen would go back to be mixed in with fuel gas. The 
only issue with this that because the PSA will operate at a slightly reduced pressure compared to the fuel gas stream 
and because of the pressure drops through the control valve for the hydrogen steam from the PSA, it will be 
necessary to artificially reduce the fuel gas pressure. This is best done by incorporating a restriction of some type in 
the fuel gas flow line.  
3.3. Operation at a greater level of flexibility  
Providing that it is possible to reduce gas turbine output to 80%, whilst maintaining exhaust gas temperatures, it 
should be possible to increase the hydrogen level to 200 MW whilst the electrical output falls to about 350 - 370 
MW. The big reduction in electrical output is because of the huge demand by the plant ancillaries: any reduction in 
output from the gas turbines has a disproportionate affect on the electricity sent for sale. Conversely hydrogen 
output rises very steeply since when it is used for power production only about 55% of its energy can be converted 
into electricity. This factor can be highlighted more dramatically by considering a HYPOGEN plant that produces 
all of its output as hydrogen. In this case it would produce 700MW of hydrogen, even when supplying all the 
ancillary power for the plant [6].  
 
When the net electricity output of the plant reaches 200 MW it may become worthwhile to burn the tail gases in 
the HRSG as they will then be providing up to 40 MW of heat energy. The reduced flow of flue gas and heat input 
will need to be compensated by a reduction of steam and water flows through the HRSG. These changes would tend 
to point to the HRSG exchangers working at higher effectiveness, which would mean that the superheaters could be 
taking out a disproportionate amount of heat. Superheater temperatures could become excessive, and at the same 
time steam generation in the boilers might suffer. Having the ability to “trim” flue gas temperatures in duct burner 
could become very helpful.  
 
Achievement of complete flexibility is a more complex issue [7]. One option is to construct a completely separate 
power plant for the ancillaries, which operates all the time. This separate plant could be of the industrial combined 
cycle gas turbine type or a steam plant. It will require a significant demand for hydrogen, around 20% of the plant 
output. Some of this demand would come from the hydrogen in the tail gas, but it appears that even if all the 
hydrogen from the plant was purified to the 99.99+% level, the energy in the tail gas stream would not be enough to 
supply the requirements for the ancillary power system. Some additional hydrogen would need to be used. This 
would be taken from the hydrogen stream after the acid gas removal system. 
4. Plant design 
Even assuming a constant demand for electricity, it will be necessary that the plant compensates for variations in 
air temperature or deterioration in compressor performance. This is best done by using duct burners to utilise the 
spare hydrogen that cannot be utilised by the gas turbines. Indeed, duct burners could be useful for restoring power 
and enabling the gasifier to run at the design rating, or for preventing economiser steaming, although this might be 
needed in conjunction with the ability to increase steam flow in the HRSG above the design rating. In addition the 
gasifier and ASU would have to work somewhat in excess of their design rating, so as to supply more hydrogen. At 
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such times, to avoid extra capital costs it might be necessary to accept oxygen of a lower purity standard than 
normal.  
 
In terms of operability, the analysis has indicated that the plant output can be reduced to 50%, but because the 
flows through the ASU and AGR will have to be kept at a relatively high rate, they will continue to use a lot of 
energy. It is feasible to operate the ASU in this manner as has been demonstrated at Buggenum. The operation of the 
AGR at part loads is another matter, and the experience from standard IGCCs may not be relevant. In the 
HYPOGEN case, the need to remove both H2S and CO2 could result in the gas going to the Claus plant, being 
impossible to burn.  
 
The design of the HRSG is another issue that has been analysed. There would be serious risks in designing an 
HRSG to accept the exhaust from two gas turbines. If there was a trip on one gas turbine, there would be risk of hot 
combustion gases coming back through this machine. It is unlikely that damper doors could be shut down in time to 
stop this, and it would be necessary to trip out the other turbine. It will be also difficult to achieve, especially given 
the problems in getting good heat distribution in an HRSG using one gas turbine, a design of an HRSG which is 
really designed for two machines, and is then expected to run properly with the exhaust from one. Use of a common 
HRSG taking the exhaust from two gas turbines may also cause problems during load changes, since gas turbines 
can be sensitive to changes in the pressure in the exhaust duct. However, the use of two HRSGs does not preclude 
the use of one steam turbine as such machinery can operate down to very low loads. However there may have to be 
some adjustments to steam pressures and temperatures to maximise steam turbine output at reduced output. In 
addition duct burning appears to be an essential feature of the HRSGs to ensure good operability.  
 
This analysis has led therefore to a closer review of the plant design. It now appears that a 400+ MW HYPOGEN 
plant will need to consist of two separate streams, which will share the steam turbine and generator, the CO2 
compression plant, and the PSA. The question of whether one or two ASUs is required needs to be further 
investigated, but because of the turn down problems with the ASU it appears two units might be best. 
5. Plant performance 
Six alternative HYPOGEN plants were evaluated using process flow modelling; three for coal and three for 
lignite. Regarding the coal options, the most efficient plant concept is the one based on the Shell gasifier (Case 1) 
followed closely by the Siemens gasifier (Case 2) and then by the GE gasifier (Case 3). Case 1 is more efficient 
compared to Case 2 because it makes a better use of the sensible heat of the syngas (heat recovery option for Case 1 
compared with water quench for Case 2). On the other hand, Case 2 has its merits because the water quench 
configuration ensures enough moisture in the syngas for shift conversion and also ensures good low-tech removal of 
dust and chlorine together with the quench water. For Case 1, steam has to be added to the syngas for promoting 
shift conversion; dust is removed using candle filters, which although claimed to be durable, since it is a more 
sophisticated approach to gas cleaning does give causes for concern. Case 3 (GE gasifier) is less efficient than the 
previous two cases because of the slurry feed system which effectively means that more coal and oxygen has to be 
consumed to evaporate the water in the slurry. It also means a larger AGR plant adding to the demand for ancillary 
power. But like Case 2, the water quench ensures an adequate moisture level for shift conversion and give efficient 
and simple removal of dust and chlorine. All of the coal plants met the Dynamis carbon capture requirements 
without problems, but there is some concern that the size of the AGR plant will be close to industry limits. The main 
plant performances for coal cases are summarised in Table 1. 
 
Regarding the lignite options, the most efficient plant concept is based on the BGL gasifier (Case 6) followed by 
the HTW gasifier (Case 5) and the Siemens falsifier (Case 4). Case 4 has as a main merit over the other two that is 
able to meet the Dynamis criteria for carbon capture (>90 %). This is because the Siemens gasifier is an entrained-
flow gasifier which will ensure inherently high enough temperature in the gasifier for a low level of methane in the 
syngas. Case 5 is more efficient than Case 4 because of the higher methane content in the syngas and also because, 
being a fluidised bed gasifier, it has a lower oxygen consumption and subsequently a lower ancillary power demand 
(taking into account that ASU is one of the biggest ancillary power consumer). The main shortcomings of Case 5 are 
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caused by the high level of methane in the syngas, which will reduce the carbon capture capability of the plant. In 
addition about 5% carbon is left ungasified in the char. This char has to be burnt in a separate boiler and although it 
will produce an additional amount of energy, it adds to the complexity of the plant and its carbon capture capacity. 
Case 6 is more efficient compared with the other two because of the following reasons: BGL gasifier is able to 
operate with medium level of moisture in the fuel (25% compared with 10% in case of the other two options) which 
will require less energy for the lignite drying process. As with the HTW gasifier the BGL produces a syngas with 
higher methane content which is good for plant efficiency. But, of course the carbon capture rate of the plant is 
relatively poor. To summarise Case 6 as well Case 5 will not meet the Dynamis target (90 %carbon capture rate). 
The main plant performance for lignite cases are summarised in Table 1. Gross and net efficiencies presented in 
Table 1 are calculated by dividing gross and net power output to the thermal energy of the feedstock. 
 
Table 1 Coal and lignite cases: overall performance indicators. Case 5 considers 5% ungasified carbon left in the ash. 
 















Fuel flow (a.r.) t/h 200 202 220 510 484 446 
Gross power output MWe 572 570 607 575 538 522 
Hydrogen output  MWth 50 (HHV) / 42.3 (LHV) 
Ancillary power demand MWe 134 135 156 163 146 134 
Net power output MWe 438 435 451 412 392 388 
Gross electrical efficiency % 40.9 40.3 39.4 46.4 45.7 48.2 
Net electrical efficiency % 31.4 30.7 29.3 33.3 33.3 35.8 
Hydrogen efficiency (HHV) % 3.0 3.0 2.7 3.4 3.6 3.9 
Cumulative efficiency % 34.4 33.7 32.0 36.7 36.9 39.7 
Carbon capture rate % 90.3 90.0 90.3 90.4 83.0 80.3 
CO2 specific emissions Kg/MWh 108.7 113.6 116.1 117.6 198.9 224.7 
 
There is one aspect that has to be highlighted when comparing IGCC schemes with and without carbon capture.  
The power output of the combined cycle in carbon capture plants is lower than in IGCC designs without capture. 
This is because of the significant difference between the gross and net caloric values of hydrogen (~18%) in the 
capture plants, compared to the non captured plants where syngas is burnt (the average volumetric composition of 
combustible species is 60% CO and 25% H2). 
6. Future improvements 
Possible ways that could improve the efficiency and output of a HYPOGEN plant were also assessed. The main 
issues that have been examined are duct burning for better operability (discussed above), improved hydrogen 
production from the gasifier and efficiency improvements. 
 
To help maintain output and efficiency, “spare” gas must be burnt in the HRSG. Unfortunately the high exhaust 
temperatures from the gas turbine, in combination with the high flame temperatures associated with hydrogen 
combustion, will result in high NOx levels. There is a need for both modelling and development work in this area. 
Fortunately, because the hydrogen fed to the burners is heavily diluted with nitrogen, the problem may not be very 
significant. Further dilution may also be practical and not difficult to arrange. 
 
In terms of gasifier improvements, two suggestions are made which are best used in combination. These are the 
use of 99.5% oxygen purity, rather than 95.0% and substituting carbon dioxide for nitrogen as a coal or lignite 
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transport gas in dry feed gasifiers. This combination of techniques improves hydrogen production from the gasifier. 
In addition less purification is required of the hydrogen in the PSA. 
 
Some modelling work has been done on the subject of increasing CO2 capture levels from the current target of 
90%. This will require some major changes in plant configuration. In addition to a physical absorbent, which has 
been the basis of the AGR processes to date, a chemical absorbent is suggested. This will bring CO2 levels down to 
the ppm range. To reach such levels will require the use of selective catalytic oxidation to oxidise carbon monoxide. 
Low rates of carbon capture are a very serious problem with moving and fixed bed gasifiers, using lignite as a fuel, 
and have been one of the major drawbacks of these systems compared to entrained flow designs. The problem with 
these is methane formation, and to separate this gas cryogenic processing is suggested.  
 
Other methods of improving efficiency focus on improved heat recovery from the flue gases as they leave the 
stack. One important aim is the recover the latent heat in the combustion products of hydrogen. If this proves to be 
practical the condensed water would provide a useful high grade feed for the gasifier. A preliminary evaluation 
suggests that this is best done by utilising the heat in the flue gas for heating up the boiler feed. Nevertheless, 
organic Rankine cycles, because of the size of the units do not seem to be very practical. 
7. Conclusions 
• The flexible co-production of electricity and hydrogen via coal and lignite gasification with the simultaneous 
capture and storage of CO2, is an attractive option for future power plant designs. Such a plant type can operate 
as base-load by adjusting the electricity-to-hydrogen ratio.  
• Ideal gasifiers for coal are of the entrained-flow type and for lignite of fluidised bed type. 
• A plant that can produce about 400 MW of electricity and is able to vary hydrogen production between 0 and 50 
MW can be designed using existing technology and a near-conventional plant layout. Furthermore, hydrogen 
production can be increased to 200 MW only with minor changes to plant layout. 
• The net efficiency of such type of plant (in electricity-only mode) is about 32% for coal and 35% for lignite. 
• Further developments should focus on the adaptation of gas turbine to the combustion of hydrogen-rich gases 
whilst keeping NOx emissions low. Furthermore, partial load operation of key power plant components need to 
be further improved.  
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